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ABSTRACT

In Brazil, more than 99% of malaria cases are reported in the Amazon, and the State of Amazonas accounts for 40% of this
total. However, the accumulated experience and challenges in controlling malaria in this region in recent decades have not been
reported. Throughout the first economic cycle during the rubber boom (1879 to 1912), malaria was recorded in the entire state,
with the highest incidence in the villages near the Madeira River in the Southern part of the State of Amazonas. In the 1970s,
during the second economic development cycle, the economy turned to the industrial sector and demanded a large labor force,
resulting in a large migratory influx to the capital Manaus. Over time, a gradual increase in malaria transmission was observed
in peri-urban areas. In the 1990s, the stimulation of agroforestry, particularly fish farming, led to the formation of permanent
Anopheline breeding sites and increased malaria in settlements. The estimation of environmental impacts and the planning of
measures to mitigate them, as seen in the construction of the Coari-Manaus gas pipeline, proved effective. Considering the
changes occurred since the Amsterdam Conference in 1992, disease control has been based on early diagnosis and treatment,
but the development of parasites that are resistant to major antimalarial drugs in Brazilian Amazon has posed a new challenge.
Despite the decreased lethality and the gradual decrease in the number of malaria cases, disease elimination, which should be
associated with government programs for economic development in the region, continues to be a challenge.
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INTRODUCTION are responsible for variations in weather patterns in the Amazon
region® ®. The vegetation consists predominantly of upland
forests, floodplains, and flooded forests. The state territory is
bordered by the Amazon basin, to which the Amazon River is the
main contributor®. In addition, 98% of the Amazonas territory
is preserved, 23.5% is legally protected by conservation units,
and the state ranks first in the conservation of native forests in
Brazil”. These environmental characteristics, combined with
anthropogenic changes, and cultural, social, and climatic factors,
are conducive to the formation of Anopheline breeding sites that
promote the maintenance of endemic malaria® . The influence
of the environment on malarial transmission can be observed
in the seasonal epidemiological profile, which is characterized
by higher transmission intensity from the beginning of the dry
season in June until the ebb period in October, when temporary
breeding sites form on the river margins (Figure 1).

Malaria is considered one of the most important parasitic
diseases, and it is responsible for approximately 216 million
cases and 655,000 deaths annually worldwide. Over the last 12
years, an average of 422,858 cases have been reported annually
in Brazil, but although it is estimated that approximately
6,000,000 cases occurred annually in the 1940s®® | Currently,
99.7% of malaria cases are reported in the Amazon region, and
the State of Amazonas accounts for 40% of this total®. The State
of Amazonas is the largest federal unit of the Brazilian territory,
with an area of 1,570,745.680km?>. It consists of low altitude
topography and an equatorial climate and has high temperatures
and high rainfall. The phenomena known as El Nifio and La Nifia

Corresponding author: Dr. Marcus Vinicius Guimaraes de Lacerda. Diretoria
de Ensino e Pesquisa/Fundagao de Medicina Tropical Dr. Heitor Vieira Dourado.
Avenida Pedro Teixeira 25, Dom Pedro, 69040-000 Manaus, AM, Brasil.
Phone: 55 92 2127-3430

e-mail: marcuslacerda.br@gmail.com

Received 18 November 2014

Accepted 3 March 2015

THE HISTORY OF MALARIA IN THE AMAZON
The first development cycle (rubber cycle)

The history of malaria in the Amazon is associated with
important regional development projects and migrations.
Initially, the most significant migration occurred during the
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FIGURE 1 - Average annual cases of malaria by month in the State of Amazonas between 1962 and 2012.

rubber cycle (1879-1912). The rubber cycle represented the
first development cycle in Amazonas and was stimulated by
the global industrialization process in the late 19" century when
the industrial sector required rubber for the manufacture of car
tires. At the end of this cycle, the construction of Fordlandia
began on the banks of the Tapajés River, more than 1,000km
from Belém, to supply the American Ford Motor Company with
the latex required to manufacture tires. The low productivity of
rubber plantations in the region due to pests, in addition to public
health problems such as malaria, promoted the disintegration
of the enterprise('?,

During the rubber cycle in the region, malaria cases were
recorded in nearly the entire state, indicating the geographic
spread of the disease. The incidence of malaria was higher in
the villages near the Madeira River (southern region of the
State of Amazonas), where immigrants were concentrated for
latex extraction and forest clearing for the construction of the
Madeira-Mamoré¢ railroad. High fatality rates were reported
for specific periods, such as in Sdo Felipe (currently Eirunepé),
where an epidemic during the first half of 1911 decimated
48% (411/850) of the population!”. Even considering the low
transmission compared with the rate in the state’s southern
region, the obituaries in Manaus indicated that malaria was the
third most common cause of death in 1885V 12 In 1900, malaria
was already the leading cause of death in Manaus according to
official obituaries, with a fatality rate of 77% (1,945/2,516)').
This profile was maintained until the beginning of the economic
crisis caused by the decline in the rubber cycle (Figure 2),

which, to a large extent, was due to the increased cultivation
of rubber trees in Malaysia®. During this period, the already
small population of Amazonas decreased by more than 30%.

After 1922, with the creation of the Department of Rural
Sanitation and Prophylaxis [Diretoria de Saneamento e
Profilaxia Rural (DSPR)], a significant and steady decrease
in the incidence of malaria began. Prophylaxis with quinine
and sanitation programs had positive effects on disease control
until the early 1940s, when a new rubber cycle was promoted
by the federal government due to a strong demand for rubber
during World War 11" 2, During this period, malaria once
again became one of the most prevalent diseases in the region.
In Manaus, highly lethal outbreaks were reported until the early
1940s (Figure 2). After the end of World War II in 1945, the
demand for rubber from Brazil decreased, and consequently,
migration and malaria transmission also decreased?.

The second development cycle

Between the 1940s and 1960s, malaria transmission was
not reported systematically, creating an information gap during
this period and jeopardizing a more comprehensive temporal
analysis. In 1962, improvements were made in the registration of
malaria cases, and they started to be documented in management
reports.

In the second half of the 1960s, during the military regime,
the migration process intensified in the region. Road connections
were made between Para and Rondonia and the rest of the
country, and therefore, these two areas were the most affected
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FIGURE 2 - Historical series of malaria deaths in Manaus between 1895 and 1943.

by the migratory influx and subsequent alterations to the natural
environment. During this period, the construction of large
federal highways was initiated, including BR-174 (Manaus-
Boa Vista), BR-319 (Manaus-Porto Velho), and BR-230
(Trans-Amazon highway), attracting a large number of migrants
and increasing the migratory flow to the remaining regions of
the country. Malaria was a significant health problem among
the inhabitants of the margin of the Trans-Amazon highway.
Infections by Plasmodium falciparum were more frequent than
those by Plasmodium vivax".

Concurrent with the investment in highway construction to
colonize the Amazon, the encouragement of the economic model
known as the Free Economic Zone, established in Manaus [Zona
Franca de Manaus (ZFM)] in the 1970s, attracted multinational
companies, particularly from the electronics sector, to the region
because of tax exemptions. Therefore, Manaus needed a larger
labor force, and this demand triggered a new migratory flow
from the interior of Amazonas and from other states located in
the north and northeast regions of Brazil. This time, migrants
moved to the city peripheries in a precarious and uncontrolled
manner'®, Consequently, there was a gradual increase in malaria
transmission in peri-urban areas (Figure 3), which has persisted
to date"”. This period coincided with the success achieved by the
Malaria Eradication Campaign [Campanha de Erradicagdo da
Malaria (CEM)] in the 1950s and 1960s in the Extra-Amazon
region, which helped to limit the disease to the Amazonian
Region, and consequently, the disease lost its political relevance
in the national agenda®.

With the growing demand for electricity in the ZFM, the
construction of a hydroelectric plant in Balbina in 1989, 150km
from Manaus, was not followed by an increase in the number

of malaria cases in the area due to preparations for the impact
of construction!”; this strategy was informed by the failure to
control disease during the construction of the Tucurui plant in
the State of Para in 19849,

The third development cycle

In the 1990s, a new economic cycle began with the goal
of strengthening the state's economy. This cycle involved the
stimulation of agroforestry activities, particularly fish farming,
which led to the formation of permanent Anopheline breeding
sites®V @, Municipalities that engaged in agribusiness-based
economic activities started to contribute to the export of malaria
cases to Manaus, as observed by the increased number of malaria
cases after holidays or regional festivities in the capital when
a large proportion of the population from Manaus travelled to
surrounding municipalities (Figure 4).

The remarkable oscillation in the transmission levels over
time emphasizes the lack of sustainable control actions in
the state (Figure 3). In fact, major development projects in
the Amazon significantly influenced the hyperendemic
conditions identified in some regions. Nonetheless, some
conditions associated with the control programs also impacted
this profile.

Newer projects, such as the Coari-Manaus pipeline that was
initiated in July 2006 with the aim of transporting natural gas
from the Urucu River Basin (tributary of the middle Solimdes
River) to Manaus, have taken into consideration environmental
health aspects since their inception. An increase in the number of
malaria cases was not observed in the areas of influence of these
projects, suggesting that economic development in the region,
when planned properly, did not promote malaria transmission®.
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FIGURE 3 - Historical series of malaria cases (1962 to 2012) and contributing factors for disease spread in the Amazon. A: Factory
worker in the production line for Honda in the Industrial District of Manaus in the 1970s. B: Rural worker harvesting fish from farming
ponds. Sources: A: Documentation and Memory Center of ‘Mauricio Grabois Foundation’ (Centro de Documenta¢do e Memoria

Fundag¢do Mauricio Grabois; www.grabois.org). B: Portal Amazonia (www.portalamazonia.com.br). API: annual parasite index.
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FIGURE 4 - Average annual malaria cases by epidemiological week in Manaus between 2003 and 2012, showing the infection peaks

associated with the holidays.

Epidemiological surveillance and control

In Amazonas, systematic and institutionalized actions for
malaria control began in the 1920s with the creation of the
DSPR. In the early 1940s, the Special Public Health Service
[Servico Especial de Sauide Publica (SESP)] and the National
Malaria Service [Servi¢o Nacional de Malaria (SNM)] were
responsible for the control actions in the Amazon and Extra-
Amazonian region, respectively. Only in the 1950s did the
SNM start operating in the Amazon region. In 1960, the

www.scielo.br/rsbmt | www.rsbmt.org.br

Special Public Health Service became a Public Foundation
(SESP Foundation) linked to the Ministry of Health®?. In the
late 1980s, state initiatives in Para (Endemic System, 1989) and
Rond6nia (Malaria System, 1990) created the first computerized
surveillance systems, replacing the technical reports that had
been the only sources of epidemiological data. The difficulty
in organizing and integrating these systems was the primary
limitation to malaria surveillance.

In 1996, the Ministry of Health launched the Information
System of the National Malaria Control Program [Sistema de
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Informagoes do Programa Nacional de Controle da Malaria
(SISMAL)]. At that time, all the Amazonian states started to
report malaria cases using this system. In 2002, the Information
System for Epidemiological Surveillance of Malaria [Sistema de
Informacgdo de Vigilancia Epidemiologica da Malaria (SIVEP)]
was developed, allowing for a more integrated surveillance®?.

Considering the increasing number of notifications of
infectious disease cases in Manaus in 1970, with an emphasis on
a malaria epidemic in the neighborhood of Alvorada (formerly
called Cidade das Palhas), the physicians Heitor Vieira
Dourado and Carlos Borborema, who were professors at the
University of Amazonas, initiated the construction of a medical
care and hospitalization facility in the region, the Tropical
Medicine Foundation Dr. Heitor Vieira Dourado [Fundag¢do
de Medicina Tropical Dr. Heitor Vieira Dourado (FMT-HVD)].
This institution later became the benchmark for the treatment
of other tropical diseases in Amazonas. The creation of the
institution coincided with the onset of clinical malaria research
in the state, contributing to the characterization of resistance to
antimalarial drugs and to the co-development of novel drugs.
Currently, the institution accounts for approximately 30% of
the disease notifications in Manaus.

In 1999, the Ministry of Health launched the Plan
for Intensification of Malaria Control Actions [Plano de
Intensificagdo das Agoes de Controle de Malaria (PIACM)]
as a response to the World Health Organization (WHO) Roll
Back Malaria Program; this plan sought to contain the spread
and limit the increase of the disease in the Amazon because
that year registered the highest number of malaria cases®. In
Amazonas, the process of health surveillance decentralization
began only in 2001, when the control of endemic diseases was
transferred to the coordination of the Department of Health
of the State of Amazonas [Secretaria de Saude do Estado
do Amazonas (SUSAM)]. In 2005, the State of Amazonas
Health Surveillance Foundation [Fundacdo de Vigilancia em
Saude (FVS)] do Amazonas was created, and FVS began to
consolidate all aspects of health surveillance within the state
in a pioneer initiative among state surveillance systems. Since
then, FVS, influenced by technical expertise from the Ministry
of Health, has been responsible for the decentralization process
at the municipal level. In 2013, through Ordinance 3,039 of
the Ministry of Health, decentralization at the municipal level
occurred in 62 municipalities of the State of Amazonas, as well
as in other states of this region. One of the motivations for the
decentralization process was the complex logistics required due
to the extensive territory of Amazonas. Therefore, the technical
and logistical planning of malaria control started to consider the
geographical characteristics shared by the municipalities that
depended on the same drainage basin®®. Through the National
Program for Malaria Control [Programa Nacional de Controle
de Malaria (PNCM)], the Ministry of Health encouraged the
strengthening of local management and provided technical
support for the implementation of the Project for the Prevention
and Control of Malaria in the Brazilian Amazon. This project
was financed by the Global Fund to Fight AIDS, Tuberculosis,
and Malaria (2010/2012) and provided increased access to
long-lasting insecticidal nets (LLINs), conventional and rapid

diagnostic tests, and health education. Furthermore, the ministry
strengthened the employment and training of technical staff
in priority municipalities. Six States of the Legal Amazon,
specifically Acre, Amapa, Amazonas, Para, Rondonia, and
Roraima, were covered by this initiative, which resulted in a
50% decrease in the number of malaria cases. However, the
State of Amazonas had already implemented the Multiannual
Action Plan for Malaria Control 2007-2010 (Plano Plurianual
das A¢oes de Controle de Malaria (PPACM), 2007-2010) in
2007, which was coordinated by FVS. Despite FVS efforts, much
remains to be done because the State of Amazonas still ranks among
the three states with the highest incidence of malaria reports.

The PPACM aimed at a sustainable decrease in the number
of' malaria cases via the technical strengthening of municipalities
and by encouraging the decentralization of surveillance programs.
Great success was achieved during the enforcement period,
and the number of malaria cases decreased by 65% during this
period. Considering that some municipalities achieved very
low levels of transmission, state forums raised the possibility of
eliminating malaria in some regions. Some of the points that were
discussed in this context included: 1) investment in the training of
technicians and managers from the municipalities; 2) changing the
definition of area stratification for disease control, surveillance,
and elimination; 3) rational use of insecticides; and 4) investment
in the use of LLINS to replace indoor spraying. Limited scientific
evidence has provided support for the mass implementation of
LLINS, justifying the need for further impact studies.

A quantitative improvement in the diagnostic network has
been observed over the years. The network of laboratories for the
diagnosis of malaria in Amazonas is the largest in the Brazilian
Amazon, accounting for 33.7% (1,089/3,224) of the laboratories
in the region®. The network expanded during the execution of
PPACM and of a project financed by the Global Fund that also
supported the employment and training of professionals. These
measures, combined with the state's concern for the quality of
diagnosis, helped Amazonas to achieve an excellent level of
quality control and the diagnosis of malaria.

In Amazonas, the decrease in the incidence of falciparum
malaria (Figure 5) and improvements in diagnosis over the years
might be associated with the decreased occurrence of severe
clinical cases of falciparum malaria and of syndromes such as
tropical splenomegaly, which was frequently reported in areas
of increased transmission of Plasmodium falciparum®?. 1t is
likely that the introduction of Coartem® in Manaus and other
municipalities in its vicinity also contributed to the decrease in
P, falciparum prevalence in the state. Conversely, an increase in the
number of severe cases of Plasmodium vivax malaria was recently
reported, which could be associated with the decompensation of
acute and/or chronic comorbidities by malaria® ®®. Nevertheless,
the overall fatality rate from malaria continues to decrease.

Treatment

Since the introduction of quinine, which for a long time
was the only drug used for malaria treatment, major advances
have been made in the treatment of malaria, primarily that
caused by P. falciparum. With the introduction of chloroquine,
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FIGURE 5 - Historical series of case percentages according to parasite species in the State of Amazonas between 1962 and 2012. P.: Plasmodium.

the first synthetic drug used in the treatment of this disease,
malaria control gained an important tool. This drug was used
indiscriminately throughout the second half of the 20" century,
and it was discontinued for the treatment of P. falciparum
because of the high frequency of resistant parasite strains in
the region®”. One of the strategies aimed at the control of drug
resistance was the Pinotti method, also known as the medicated
salt method, which aimed to eliminate sources of infection via
the addition of chloroquine to kitchen salt during the 1950s
and 1960sCV.

By meeting the demands of state and municipal coordinating
bodies and considering the growing number of studies reporting
parasite resistance to antimalarial drugs, the Ministry of Health
began to adopt mefloquine as the drug of choice for the treatment
of P. falciparum malaria in the late 1980s. This strategy was
maintained until the first half of the 2000s when the drug was
replaced by the combination of artemether and lumefantrine®?,
and primaquine is also currently used. Mefloquine is still used
in association with artesunate in the Extra-Amazon region®?,

Some national studies have indicated the need for novel
therapeutic strategies to circumvent the problem of chloroquine
resistance for the treatment of P. vivax malaria, which is
estimated at 5-10% in Manaus®® ¢, It is possible that, in the
short term, we may have to make use of artemisinin-based
combination therapies (ACTs) as the first choice in the State
of Amazonas, although other states have not reported cases
of chloroquine resistance, which is expected in large areas
such as the Brazilian Amazon. Concerned about this issue,
the PNCM has supported studies conducted at FMT and the
Research Center in Tropical Medicine [Centro de Pesquisa
em Medicina Tropical (CEPEM)] in Porto Velho, Rondoénia,
where a combination of ACTs and primaquine is used for the
treatment of P, vivax malaria. This parasite is also able to develop
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dormant stages (hypnozoites) in the liver, leading to frequent
relapses. With the recent interest in malaria elimination in
Brazil, P. vivax has become a significant challenge because no
good tools are available to tackle hypnozoites and, therefore,
relapses can occur®®. Tafenoquine administered at a single
dose of 300mg or 600mg has shown promising results in phase
IT studies®”. However, potential hemolysis in patients with
glucose-6-phosphate dehydrogenase deficiency (G6PDd) must
be considered in the administration of this drug. In the State of
Amazonas, G6PDd prevalence was estimated at 4.5%%%, and
fatal cases have been reported among patients with vivax malaria
treated with primaquine®®. Introduction of tafenoquine as an
anti-hypnozoite drug in the PNCM could be an important tool
in the future goal of eliminating malaria, and tafenoquine use
should stimulate the systematic screening of G6PDd using a
rapid point-of-care testing system, although this screening still
lacks accuracy and economical evaluation.

CONCLUSIONS

Despite the efforts of the campaigns and control programs
implemented by the health care system, malaria continues to
present major epidemiological challenges in Amazonas. Over
time, there have been major changes in the epidemiological
profile of malaria in the state, resulting in important historical
moments for the economic and political situation in the state.
Malaria on the rubber plantations was replaced by urban
malaria in the ZFM in a process of epidemiological transition
associated with the rural exodus and uncontrolled urbanization.
Periods of economic growth, with consequent migratory flows,
are considered the driving factors for malaria transmission.
Therefore, for the effective control and eventual elimination of
malaria in the state, health factors should be considered in all
regional development projects.
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